ABSTRACT: Urban waterlogging caused by flooding hazards is becoming a severe phenomenon for the urbanization of society. To address the challenging problem of urban waterlogging, the strategy of Sponge City (SPC) was put forward. Based on the discussion of Sponge City development, this paper analyzed the Sponge City construction in Shanghai. The analysis indicates that SPC construction is helpful to improve the resilience of Northern cities to flooding disasters, with two potential associated issues: drought disaster and urban waterlogging. Sponge city can absorb rainwater during heavy rainfalls and reuse the useful water to resist drought disasters. For cities which have intensive river systems, taking advantage of river systems to quickly discharge rainwater is an effective way in the process of SPC construction. SPC construction is a long-term complicated process at the system-level. The construction of Sponge City projects should formulate and adjust specific measures to local urban conditions, rather than formulating the uniform strategy. Vigorous and effective strategies should be developed and implemented to cope with the unfavorable situations of aggravating water disasters in urban areas in China.
INTRODUCTION
At present, climate change is a hot topic that arouses widely attention from all over the word. Global warming is a typical response to the climate change, leading to sea levels rising and increasing rainfall in the coastal city. The increasing amount of water due to global warming result in flooding hazards (Wang et al., 2013) . The risk of typhoon as well as flooding hazards due to intensive precipitation events will increase (Lyu et al., 2016 (Lyu et al., , 2017 . Meteorological events such as typhoons and/or hurricane winds and rainstorms often combine to threaten coastal city. Climate change not only causes various natural hazards but also has significant influence on the economic growth of the world (Gallina et al., 2016) . Therefore, natural disasters caused by climate change have aroused extensive social concern (Liu et al., 2015) . In this year, a serious of extensive rainstorm has attacked across the southern China. Cities in the Yangtze River Basin and Huaihe River Basin suffered from extreme flooding hazards from May to July with urban waterlogging problem. These catastrophic flooding hazards also caused 186 deaths.
With the rapid urbanization in China, urban construction such as roads, bridges, and concrete structure buildings are developing at a quick speed in cities (Li and Che 2005; Pickett et al. 2013; Deng et al. 2016) . These cities seldom have the capability to timely soak up rainwater. Moreover, urban expansion has significant effects on the surface water body. More and more wetlands and river systems were reclaimed in the process of urban expansion. Due to these factors, excess rainwater has no place to drain, resulting in urban waterlogging during heavy rain. In order to address the waterlogging problem in urban cities, the concept of Sponge City construction has been proposed and further implemented to soak up surface water in time and reduce urban flooding risk. This paper discusses countermeasures of Sponge City construction to deal with urban waterlogging caused by flooding hazards.
URBAN WATERLOGGING
Urban waterlogging is becoming one of the most urgent challenges in the process of rapid urban expansion in China. Based on statistics, there were more than 200 cities and towns suffering from urban waterlogging every year (Yin et al., 2013) . The urban waterlogging has influenced so much than 120 million people and caused huge economic losses over 15 billion dollars every year (Sang et al., 2017) . Urban expansion has increased the amount of impermeable surfaces and changed the hydrologic cycle in the urban area. Finally, the risk of extreme rainstorm and urban waterlogging increased. In 2016, many cities suffered from urban waterlogging problems. (d) show the urban flooding problems in Guangzhou City. As shown in these pictures, the depth of rainwater is up to over 1.5 meters. These catastrophic flooding hazards greatly influenced the normal operation of urban traffic, schools, hospitals, water supply, electronic power, and other municipal systems. Waterlogging becomes a major threatening of urban safety. How to effectively deal with urban waterlogging problem to eliminate the adverse influence on urban areas is an important problem for both societal and scientific communities. Li et al. 2016) . SPC is a concept that aims at absorbing excessive rainwater by using environment-friendly facilities when encountering heavy rainfall events. In other words, the SPC is to enhance infiltration, storage ability, and discharge (Li et. al., 2016) . Fig. 2 shows the comparison between traditional quick discharge pattern and sponge discharge pattern. As shown in Fig. 2 , the amount of discharge rainfall was decreased by the pattern of sponge. For the same total annual average rainfall, the discharge rainfall of typical pattern is more than 80%, and the sponge pattern is less than 40% (Li et. al., 2016) . In the process of sponge discharge pattern, approximately 40% rainwater can be reused. Chongqing, Changde (Hunan Province), Pingxiang (Jiangxi Province), Xiamen (Fuzhou Province), Nanning (Guangxi Province), Gui'an New District (Guizhou Province). As shown in Fig. 3 , the SPC pilot cities are located in the southeastern and northeastern regions of China. The SPC construction is carefully implemented in order to ensure the slightest disturbance to ecological environment. 
SPONGE CITY

SPC CONSTRUCTION IN SHANGHAI
Shanghai is on the estuary of Yangtze River, surrounded by East Sea and Yellow Sea, the subsoil in Shanghai is like a sponge with abundant groundwater and surface water (Xu et al. 2016) . As a coastal city, Shanghai has been suffering from flooding hazards and waterlogging problems every summer. To address the flooding hazards and waterlogging problems, the municipal government of Shanghai has published a decree for SPC construction on 11 November, 2015. In the process of SPC construction program, sluices and pumping stations are deployed along rivers and coastal regions to rapidly drain rainwater in Shanghai by taking advantage of the surrounding surface drainage systems through rivers and seas (Dai et al., 2016) . Fig. 4 shows the distribution of sluices and pumping stations in Shanghai in order to drain exceesive rainwater into rivers. Since the urban region within Waihuan boundary has a greater risk of waterlogging than the other regions, the slices and pumping stations were mainly constructed within the Waihuan boundary. and in the outer of Waihuan boundary pumping stations to conduct rainwater along Huangpu River. On the boundary of the East Sea and the esturary of Yangtze River, sluices and pumping stations were built to drain rainwater along the coastline. A few pumping stations were also built on the boundary between Shanghai and Jiangsu and Zhejiang provinces to eliminate urban waterlogging due to inland water systems. Owning to these sluices and pumping stations, Shanghai had not suffered from urban waterlogging in 2016. Therefore, discharging rainwater through sluices and pumping stations into the river systems is useful for coastal cities with intensive river systems.
DISCUSSION OF SPC CONSTRUCTION
On 21 July, 2012, Beijing suffered from urban waterlogging in a heavy rainstorm, which killed 79 people and caused great economic losses about 1.6 billion dollars. As one of the SPC pilot cities, Beijing took measures for the construction of Sponge City after the flooding hazard in 2012. In 2016, rainwater can discharge in a short time although the heavy rainfall, and no urban waterlogging occurred in Beijing.
On the other hand, Wuhan City in Hubei Province was used to be frequently flooded by rainwater. Despite of the Sponge City construction Wuhan, the expected effects of urban waterlogging control were not achieved. In the summer of 2016, terrible urban waterlogging disasters widely occurred in Wuhan City after a heavy rainfall; in addition, waterlogging issues arose in the other pilot cities in southern China. These mean that the current practices of SPC construction were not helpful for the urban waterlogging control in the southern China. As a consequence, a lot of discussions were made on improving the efficiency of technical methods and the cost-effectiveness of SPC construction.
Based on the analysis, the construction of SPC should adjust the technical methods for every city by considering local topography and local hydrogeological characteristics. For instance, in Beijing, which is located in semi-arid and semi-wet regions in North China with the problems both of drought disaster and urban waterlogging, proper sponge infrastructures should be built to store rainwater to resist flooding hazards and reuse them in dry seasons. However, for southern cities like Shanghai with extensive water systems, more attention should be paid to take advantage of river systems in the process of SPC construction.
CONCLUSIONS
This paper discusses on methods and effectiveness of the Sponge City construction in China. The following conclusions can be drawn: 1. Urban waterlogging frequently occurs in China. Many cities were flooded in 2016 and more than 186 people were killed by these flooding hazards. Although the Chinese government has made a great effort, there is still a long way to go to solve the urban waterlogging problems. 2. SPC construction is a complicated long-term project. The construction of Sponge City projects should adjust specific measures by considering local topography and local hydrogeological characteristics. 3. SPC construction is successfully implemented in northern cities with the problems both of drought disaster and urban waterlogging. SPC can absorb rainwater of heavy rainfall and drain water to relieve drought in dry seasons. For southern cities with intensive water systems, taking advantage of local river systems to discharge rainwater is effective for the SPC construction.
